Introduction
The electrical analog method was applied to the heat-flow and longitudinal impact problems in their early stages. Paschkis, et al.,1) designed and constructed an electrical model for solving the problems of unsteady-state heat conduction in solids with definite radiation and convection boundary resistances. The method based on the fundamental similarity between the flow of heat within a rigid body and that of charge in a non-inductive electric circuit. Pipes2) applied these same general principles to the solution of longitudinal impact problems. The differential equations governing the longitudinal displacement and velocity of a uniform rod are identical to those governing the propagation of charge and current along a uniform electrical transmission line. The problem considered was that of determining the subsequent behavior of a long, uniform thin rod that was struck at one end by a massive body moving in the direction of the length of the rod.
Bruce3) brought the idea of applying the electric means for solving the unsteady-state heat transfer problems to solving the fluid-flow problems. He presented the theory combining the equations in a reservoir system with those in an electric system. He constructed an electrical reservoir analyzer and studied the field production performance of the Dix pool, in Jefferson County, Illinois. Rumble, et al.,5) presented a reservoir analyzer study of the reservoir performance of the Woodbine formation in the East Texas basin. In conjunction with the basic study of Woodbine sand, an acceptable match of the production-pressure relationship in the East Texas Field was established on the analyzer, which was used to make predictions of the pressures in the field. McDowell7) studied the performance of water drive reservoirs, including pressure maintenance by use of an electrical reservoir analyzer. He used the analyzer to help understand how various reservoir characteristics affect the final performance of the field and to see under what conditions water injection would be of benefit.
These studies mentioned above show that an electrical reservoir analyzer can reproduce the past performance of an oil field and that it can determine the future behavior for any method of production. Though the method of analysis using an electrical reservoir analyzer is rather old, it seems to have some merits in solving complicated problems which are too difficult for practical solution by mathematical means. Furthermore, an electrical reservoir analyzer combined with a numerical model may be one of the effective tools for analyzing complicated reservoir performance.
In this paper, two types of electrical reservoir analyzers are designed and constructed to investigate if they can be applied even for analyses of fractured reservoirs. Pressure drawdown tests are simulated with the electrical reservoir analyzers, and the results are compared with those of the numerical model developed by the authors11).
Theory

Fluid Flow Equations
Equations for fluid flows can be written, considering a porous medium unit shown in Fig. 1 ix, iy, iz=average electric currents in the x, y, and z directions, respectively, A
Conversion from Electrical to Fluid Units
Comparisons between Eqs. (1) through (4) and Eqs. (5) through (8) show that electric current may be equivalent to fluid flow and electric potential may be equivalent to pressure, if certain functional relationships are established.
First, the following numerical relations are assumed. 
Design of Electrical Reservoir Analyzers
Two types of electrical reservoir analyzers (called Type A and Type B in this paper) are designed. Type A electrical reservoir analyzer was built with consideration of radial flow, and the formation properties in the analyzer were given by averaging the fracture properties with the matrix properties. The reservoir model adopted here is an idealized fractured reservoir as shown in Fig. 4 . It is assumed that all the fractures spread toward the radial direction and the fractures distributed in the reservoir can be replaced by two parallel slabs. The model consists of two regions. One of which is a fractured region (Region 1) and the other is a non-fractured region (Region 2). The parameters of the fractured reservoir studied here, taken from Reference 10 are listed in Table 1 
The design procedure is as follows. The reservoir model adopted here is shown in Fig.  7 , and the same assumptions made in Fig. 4 will be applied this figure. The model consists of two regions one of which is a non-fractured region, or a matrix region (Region I), and the other is a fractured region (Region II). tem correspond to those of 10V, 1mA, and 1sec in the electric system, respectively. Electric resistances and electric capacitances of Type B electrical reservoir analyzer were calculated in accordance with the design procedures already described and they are listed in Table 4 . The layouts of these resistances and condensers are shown in Fig.  8 .
Experimental Work
Experiments on pressure drawdown tests by use of electrical reservoir analyzers were carried out with the electrical circuit shown in Fig. 9 . A pressure drawdown test is a series of bottom-hole pressure measurements during a period of flow at a constant producing rate9). At first, all the electric capacitors of the electrical reservoir analyzer were charged until their terminal voltage reached the specified voltage by means of the battery shown at right side. And this condition is in conformity with the initial bottom hole shut-in pressure at the flow test of the well. After setting all apparatus in the initial conditions, the variable resistor was adjusted to maintain suitable current values which were in conformity with the average daily properties in the analyzer were given by averaging the fracture properties with the matrix properties.
Conclusion
Two types of electrical reservoir analyzers (Type A and Type B), which simulate the fluid flow in a fractured reservoir, have been designed and constructed. Type A electrical reservoir analyzer was built with consideration of radial flow, and the formation properties in the analyzer were given by averaging the fracture properties with the matrix properties. Type B electrical reservoir analyzer was built with consideration of radial and vertical flows and the formation properties in the analyzer were separated into the fracture and matrix properties. As a result of the experimental work, it may be concluded that the results of the analyzers agree with those of the numerical model, and that Type B seems to be preferable as electrical reservoir analyzer.
Electrical reservoir analyzers seem to have merits in solving complicated reservoir problems whose practical solutions are too difficult by mathematical means. Furthermore, an electrical reservoir analyzer combined with a numerical model may be one of the effective tools for analyzing complicated reservoir performances. where Qx1, Qy1, Qz1=mass rates of inflow in the x, y, and z directions, respectively, g/sec Qx2, Qy2, Qz2=mass rates of outflow in the x, y, and z directions, respectively, g/sec
The mass rate of flow in a porous medium is given by Darcy's law.
where Qx, Qy, Qz=average mass rates of flow in the x, y, and z directions, respectively, g/sec Kx, Ky, Kz=permeabilities in the x, y, and z directions, respectively, darcy Ax, Ay, Az=areas of the faces perpendicular to the x, y, and z axes, respectively, cm2 Lx, Ly, Lz=lengths of the sides parallel to the x, y, and z axes, respectively, cm Equations (-6) through (A-9) can be written in a simpler form as 
